ABSTRACT: An experiment was performed to study the effect of litter size before weaning on subsequent body development and composition, feed intake, and reproductive performance of young rabbit does with the objective to improve reproductive performance. Litter size (LS) before weaning (treatment) was 6, 9, or 12 kits. After weaning (30 d), 58 female kits per treatment (in two successive replicates) were reared and fed for ad libitum intake to 14.5 wk of age (end of rearing). At 14.5 wk of age, receptive does were inseminated. Nonreceptive and nonpregnant does were inseminated at 17.5 wk of age. The experiment ended when the second litter was weaned. Part of the animals was slaughtered to determine body composition at the end of the experiment (replicate one) and at the end of rearing (replicate two). At weaning, BW differed among treatments (P < 0.05; 855, 773, and 664 ± 15 g for LS6, 9, and 12, respectively). Compensatory growth was observed. At the end of rearing, LS12 does were smaller (P < 0.05) than LS9 and LS6 does (3,524, 3,778, and 3,850 ± 48 g, respectively). After first lactation, no difference in BW among treatments was found. Compared with LS6, empty body weight (BW minus gut, bladder,
Introduction
In modern rabbit production, the limited reproductive lifespan and reproductive problems of rabbit does 1 1973 and uterus content) of LS12 contained more (P < 0.05) nitrogen (32.5 vs 31.1 ± 0.3 g/kg), more (P < 0.05) ash (30.7 vs 28.3 ± 0.6 g/kg), and less (P < 0.05) fat (168.6 vs 200.2 ± 8.6 g/kg). No differences in body composition among treatments were found at the end of the experiment. During rearing, LS12 had the lowest (P < 0.05) daily feed intake (152, 164, and 169 ± 2 g/d for LS12, 9, and 6, respectively). During the reproductive period, no differences in feed intake among treatments were found. Kindling rate (the number of kindlings per number of inseminations) was not influenced by treatment. In the first parity, total litter size (number of alive and stillborn kits) was lower (P < 0.10) for LS12 than for LS9 (6.4 vs 8.6 ± 0.5, respectively). When first mating was delayed by 3 wk, an increased (P < 0.05) total litter size was found regardless of treatment (7.5 and 9.4 ± 0.3 for 14.5, and 17.5 wk, respectively). Decreasing litter size before weaning from nine to six kits did not alter future reproductive performance. Based on results of this study, it seems advisable to perform a limited standardization level (at nine kits) after kindling and postpone first mating to an older age (17.5 wk) to improve reproductive performance.
are undesirable from both welfare and economic points of view. These problems seem to be related to insufficient energy intake during first lactation (Xicatto, 1996) . The energy deficit in reproductive young does cannot be adequately met by increased energy level of the diet and(or) delayed mating interval during the reproductive period (Cervera et al., 1993; Xicatto et al., 1995; Parigi-Bini et al., 1996) . The rearing period seems to be adequate to stimulate body development and feed intake with the aim of optimizing reproductive performance and lifespan of young does (Rommers et al., 1999) .
The current rearing management of rabbit does focuses on maximal productivity and does not seem to prepare the animals well enough to cope with the high energy demand during first lactation. Studies on rearing management of rabbit does are scarce Petersen, 1995, 1997; Xiccato et al., 1999) .
Before weaning, kits are highly dependent on their mothers' milk output, and the number of suckling kits affects their individual milk intake and body growth (Lebas, 1969) . However, information on the effect of litter size before weaning on subsequent reproduction is scarce and inconsistent. Babile et al. (1982) reported that kits raised in small litters (5 compared with 11 kits) tended to produce larger litters with more kits born alive, and the number of kits weaned was significantly increased. However, Biró-Németh et al. (1999) did not find any effect of litter size (6, 8, or 10 kits) on future doe performance.
There is no information on the effect of litter size before weaning on subsequent body composition and feed intake in rabbits. Therefore, an experiment was performed to study the effect of litter size before weaning on subsequent body development and composition, feed intake, and reproductive performance.
Materials and Methods
An experiment was performed in two successive replicates from April 1997 through November 1998. In the first replicate, 33 litters before weaning and 48 females after weaning were used. The second replicate contained 55 litters before weaning and 126 females after weaning. The Use and Care Committee of the Center for Applied Poultry Research approved all protocols.
Treatments (Preweaning Period)
The experiment was performed with a strain of New Zealand White rabbit kits, bred at the Center. On the first day after kindling (d 0), kits were selected from litters of multiparous does. Extremely small (< 45 g) and heavy (> 100 g) kits were removed. Kits were randomly assigned to one of the following three treatments: six kits (LS6), nine kits (LS9), or 12 kits (LS12) per litter. The three treatments were assigned to similar does based on parity and previous litter weights at 21 d of age. The litters were put into nestboxes, and nestboxes were attached to the fronts of cages.
During the first 21 d of the preweaning period, the multiparous does had free access to the nestboxes for suckling. Nestboxes were checked for dead kits every other day during the first 2 wk, and twice a week from the 3rd wk until weaning (d 30). Dead kits were replaced by kits from other does on the farm with similar litter size in order to prevent a decrease in the number of kits and to equalize individual milk intake. These kits were marked and excluded from subsequent measurements. On d 21, the kits were put into the cage of the doe and nestboxes were removed in order to stimulate intake of the solid feed of the kits. Kits were weaned at 30 d.
Postweaning (Rearing) Period
At weaning (d 30), female kits with BW deviating less than 15% from the mean weight of the litter were selected. From the selected females, a total of 58 animals per treatment were taken randomly and reared in individual cages, in which they were housed until the end of the experiment. The rearing period ended at 14.5 wk of age.
At the end of rearing, animals were checked for receptivity. Animals were considered receptive if the vulva was colored (red to purple) and swollen. Receptive animals were artificially inseminated. Fourteen days after insemination, pregnancy was checked by abdominal palpation. Nonreceptive and nonpregnant animals were subjected to insemination once again at 17.5 wk of age. Animals that were not pregnant after two successive inseminations were removed.
Reproductive Period
During reproduction, animals were submitted to a semi-intensive breeding rhythm and inseminated 10 to 12 d postpartum. Artificial inseminations were performed with fresh mixed semen from 10 bucks selected for growth performance. At every insemination date, one mixed and diluted semen dose was prepared. Dilution was performed using a commercial extender (Galap, IMV, France) according to the method developed by Zöldá g et al. (1988) . A GnRH analogue was applied i.m. (0.2 mL containing 0.0042 mL Buseriline-acataat/ mL; Receptal, Hoechst Roussel Vet, Belgium) immediately after insemination to induce ovulation. Nonpregnant does were excluded from the experiment.
At the first day after kindling litter size was standardized. In the first parity, litter size was set at eight kits, and in the second parity it was set at nine kits. Nestboxes were provided 4 to 5 d before parturition and removed at 21 d. Litters were weaned at 30 d. The experiment ended after weaning the second litter.
Husbandry
Animals were housed in cages (50 × 60 × 30 cm) made of galvanized wire net and equipped with an automatic waterer and a manual feeder in the rabbitry of the Center. Nestboxes (30 × 25 × 30 cm) were attached to the front sides of the cages. During rearing and reproductive periods, animals had free access to a standard commercial diet (ABC, Lochem, The Netherlands) containing 10.3 MJ/kg ME and 17 g/kg CP.
Animals were housed under controlled lighting. Before weaning, animals were kept at a 16-h photoperiod. During rearing, animals were submitted to a photoperiod of 12 h. The last 5 d before first insemination, the photoperiod was prolonged to 16 h to evoke receptivity. During the reproduction period, a photoperiod of 16 h was maintained. The minimum house temperature was set at 16°C. Feed Intake. Feed intake was determined for the following periods: weekly after weaning until 14.5 wk of age, the first gestation period, and during the first two parities, from kindling until d 16 of lactation, from d 16 until d 30 of lactation, and from weaning until kindling. The feeder was weighed at the beginning and the end of each period and all feed given was weighed and recorded. If feed wastage was observed, the entrance of the feeder was modified with wire to prevent animals from standing in front of the feeder while still allowing them enough access to eat. If wastage occurred, period and cage were recorded, and the feed intake for this period was scored as a missing value.
Reproductive Characteristics. Kindling rate was calculated as the number of does kindled/number of does inseminated. The number of alive and stillborn kits (total litter size), the number of kits at d 16 of lactation and at weaning, and the litter weight at d 16 and 30 were recorded. The average kit weight at d 16 was used as an estimate of milk production, because after 17 to 18 d kits start to consume solid feed (personal observation).
Body Composition. In the first replicate, body composition was determined at the end of the reproductive period (immediately after weaning of the second litter) for animals that had followed the semi-intensive breeding rhythm (five, eight, and four animals for LS6, 9, and 12, respectively). In the second replicate, 10 animals per treatment were randomly taken 5 d after the first insemination and used for determination of the body composition at the end of rearing.
Animals were weighed and slaughtered (CO gas), and the contents of the digestive tract, bladder, and uterus were eliminated to determine empty BW (EBW) (EBW= live weight minus gut, bladder, and uterus content). The empty stomach was weighed separately. The empty bodies were frozen at −20°C until they were ground and homogenized. Representative samples of the empty bodies were analyzed. Dry matter content was determined by freeze-drying. Nitrogen content was analyzed in fresh samples by Kjeldahl analysis. Protein was calculated by multiplying the nitrogen content by 6.25. Fat content was determined by extraction of freezedried samples with petroleum-ether and drying the extract at 80°C in a vacuum oven (10 kPa) to a constant weight. Ash was determined in oven-dried samples in a furnace at 550°C. Energy was measured in freezedried samples with bomb calorimetry (IKA C 7000, IKA Analysentechnik, Heitersheim, Germany).
Statistical Analyses
The experimental design was a randomized block. In the preweaning period, a block consisted of three adjacent cages housing similar multiparous does based on parity and previous litter weights at 21 d of age. In the rearing and reproductive period, a block contained three adjacent cages. The three treatments were randomly assigned to the cages within a block. Variation among blocks also included variation due to replicate. Analyses of variance were carried out using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC).
For the preweaning and rearing period, block and treatment were added to the model. Live weight during the 10 successive weeks after weaning was analyzed with a split-plot model, using block, treatment, animals within block and treatment, week, and the interaction between treatment and week as factors. Block was tested against animals (within block and treatment error term); treatment and week were tested against the residual error term. When block or interaction terms were not significant, they were excluded from the model.
During reproduction, blocks became unbalanced because of reinseminations at 17.5 wk of age and exclusion of nonpregnant does. Therefore, block was excluded from the model. Reproductive data were analyzed with treatment, age of first successful mating, and the interaction between treatment and age of first successful mating as factors. A chi-square test was used to analyze treatment differences in kindling rate.
Results

Animals
The number of animals per treatment during the different stages of the experiment and causes of withdrawal are given in Table 1 . During the rearing period, one animal was removed due to severe skin mold (Microsporum sp.). Four does (in the first replicate) were reinseminated by mistake before 17.5 wk of age and were excluded from the experiment. Animals that aborted were removed from the experiment. In one animal (LS12), metritis was found at dissection. In the other animals, no pathological signs were found. Animals that showed no mothering ability after kindling were removed at d 2 after kindling and the number of kits at d 16 and 30 was scored zero. If animals showing no mothering ability were excluded from the data set, the average number of kits at d 16 and 30 was similar. Culling after weaning of the first litter was caused either by metritis or mastitis. At end of the experiment, 47 animals remained from those that were successfully inseminated at 14.5 wk of age (16, 16, and 15 for LS6, 9, and 12, respectively) . From the animals reinseminated at 17.5 wk of age (see Table 2 ), 12 remained (seven, two, and three for LS6, 9, and 12, respectively). 
Body Development
The mean BW during the suckling period is presented in Table 3 . At 21 and 30 d of age, BW among treatments differed (P < 0.05). At weaning, 58 animals per treatment were selected for rearing. The average BW of the selected females was 852, 773, and 657 ± 12 g for LS6, 9, and 12, respectively. The BW development during the subsequent rearing period is shown in Figure 1 . Until 4 wk after weaning, a difference (P < 0.05) was observed in BW among treatments, with LS6 being the heaviest. From 5 wk after weaning, the differences in BW between LS9 and LS6 were not significant. At the first mating (14.5 wk of age), BW was 3,850, 3,778, and 3,524 ± 50 g for LS6, 9, and 12, respectively. At this age, animals of LS12 Row means with different superscripts differ (P < 0.05).
were smaller (P < 0.05) than animals of LS6 and LS9. Within treatments, there was no difference in BW between pregnant and nonpregnant animals. After the first kindling, there were no significant differences in BW among treatments (Figure 2) . Age of first successful mating (14.5 or 17.5 wk) influenced BW. Animals successfully inseminated at 17.5 wk of age were heavier (P < 0.05) than animals mated at 14.5 wk (see Figure 3) . However, after the first parity, no significant differences in BW between ages of insemination were found. In the second parity, the number of animals at 17.5 wk of age was too small per treatment for proper statistical analysis (see Table 2 ). Table 4 shows the chemical analyses of the EBW at the end of rearing and reproduction. At end of rearing, 10 animals per treatment were randomly selected for determination of body composition. No differences in Figure 1 . Body weight from weaning until first mating for does raised in litter size (LS) of 6, 9, or 12 kits in the preweaning period. From weaning to first mating, SE ranged from 12 to 48 g. From weaning to 4 wk after weaning, treatments differed (P < 0.05). From 5 wk after weaning onward, no differences between LS6 and LS9 were found. At first mating, LS12 was smaller (P < 0.05) than LS6 or 9.
Body Composition
BW among treatments were found. Empty body weight of LS12 tended to be lower (P < 0.10) than that of LS6. Dry matter, crude fat, and energy content were lower (P < 0.05) for LS12 than for LS6, whereas the ash and nitrogen content were greater for LS12 than for LS6 (P < 0.05). At the end of reproduction, no significant differences in EBW and body composition among treatments were found. In all treatments, animals lost a substantial amount of their body fat (50 to 60% of the initial content) during reproduction.
Feed Intake
During the rearing period, feed intake of LS12 was lower (P < 0.05) than that of LS6 and LS9 (152, 169, and 164 ± 2 g/d for LS12, 6, and 9, respectively). This could have accounted for the empty stomach weight that tended to be smaller (P < 0.10) in LS12 (see Table  4 ). Animals raised in litters of 12 kits had the best (P < 0.05) feed conversion (3.8, 4.0, and 3.9 ± 0.03 for LS12, 6, and 9, respectively). During the first gestation period, feed intake did not differ among treatments for animals inseminated successfully at 14.5 wk of age (176, 171, and 168 ± 5 g/d for LS6, 9, and 12, respectively). Also, during the first and second parities, no differences in feed intake among treatments were found. During the first 16 d of the first lactation, feed consumption was 327 ± 5 g/d, whereas in during the second lactation this amount increased to 389 ± 6 g/d. There was no effect of age at first successful insemination (14.5 or 17.5 wk) on feed intake during the reproductive period.
Reproductive Performance
In Table 5 , the reproductive performances are presented for animals pregnant after the first insemination Figure 2 . Effect of does raised in a litter size (LS) of 6, 9, or 12 kits in the preweaning period on subsequent body weight during reproduction, for animals successfully inseminated at 14.5 wk of age and 10 to 12 d postpartum. At first mating and first kindling, does raised in litters of 12 kits were smaller (P < 0.05) than does raised in litters of 6 or 9 kits. at 14.5 wk of age and 10 to 12 d after first kindling. No difference in kindling percentage was found among treatments in the first and second parities. In the first parity, there was a tendency (P < 0.10) for a decreased total litter size of LS12 compared with LS9. No differences were found in the number of kits born alive or Figure 3 . Effect of age of first successful mating (14.5 vs 17.5 wk of age) and litter size (LS) in which does were raised (6, 9, or 12 kits) on subsequent body weight development during reproduction, for does pregnant 10 to 12 d postpartum. At first successful mating and first kindling, treatments (age and litter size) differed (P < 0.05). At d 16 of lactation, differences (P < 0.05) among age of first mating were found. weaned on kit weight at d 16 of lactation and at weaning. No difference among treatments was found in the number of stillborn-free litters (22, 20, and 23 litters for LS6, 9, and 12, respectively) and litters with all kits stillborn (one, one, and three litters for LS6, 9, and 12, respectively). There was a tendency (P < 0.10) for Table 4 . Effect of does raised in litters of 6, 9, or 12 kits in the preweaning period on subsequent body composition at end of rearing and reproduction Row means with different superscripts differ (P < 0.1).
d,e
Row means with different superscripts tend to be different (P < 0.05). Table 5 . Effect of does raised in litters of 6, 9, or 12 kits in the preweaning period on subsequent reproductive performance for animals inseminated successfully at 14.5 wk of age and 10 to 12 d after first kindling Litter size standardized at first d after kindling; first parity at eight kits, and second parity at nine kits.
x,y
Row means with different superscripts tend to be different (P < 0.10). Table 6 . Effect of does raised in litter sizes of 6, 9, or 12 kits in the preweaning period and age at first successful insemination (14.5 vs 17.5 wk) on reproductive performance in the first parity Row means with different superscripts within the litter size differ (P < 0.05).
e,f
Row means with different superscripts differ (P < 0.05).
number of litters with stillborn kits to be greater in LS9 than in LS6 and LS12 (11, 5, and 2, respectively), but the average percentage of stillborn kits did not differ among treatments (10.5% ± 2.5). In the second parity, no difference in reproductive performance was found.
In Table 6 , the effect of age at first successful mating on reproductive performance is presented. Delaying first mating for 3 wk improved overall kindling rate and reproductive performance. In LS12, an increased (P < 0.05) total litter size and number of kits born alive was found when first successful mating occurred at 17.5 wk of age compared with 14.5 wk. In the second parity, the number of does inseminated at 17.5 wk of age was too small for proper statistical analysis of reproductive performance.
Discussion
In our experiments, a significant effect of litter size before weaning on BW during the suckling period was found. At 21 d of age, a 28% difference in BW was found among LS6 and LS12. This is similar to data of Szendrö et al. (1996) , who found a 31.9% difference in BW between LS6 and LS10, and Mohammed and Szendrö (1992) , who reported a 33.4% difference in body weight gain between LS6 and LS10. From 21 d of age onward, compensatory growth was observed in LS9 and LS12. From 21 to 30 d of age, the difference in BW between LS6 and LS9 and between LS6 and LS12 was decreased from 18 to 14% and from 28 to 22%, respectively. Compensatory growth could occur from this age onward, because solid feed was given for ad libitum consumption and it is known that kits begin to consume solid feed around 21 d of age. When BW at the end of rearing was corrected for initial BW at weaning, LS9 and LS12 would have reached a significantly (P < 0.05) heavier BW compared with LS6 (3,739 ± 36, 3,788 ± 48, and 3,612 ± 45 g for LS9, 12, and 6, respectively). This is in agreement with Ledin (1984) , who stated that compensatory growth takes place when a less restrictive or ad libitum feeding level follows feed restriction. At 5 wk after weaning, LS9 had reached the same BW as LS6 (2,358, 2,444, and 2,155 ± 28 g for LS9, 6, and 12, respectively). The BW of LS12 was still reduced at the end of the rearing period (3,486 ± 80, 3,876 ± 80, and 3,782 ± 75 g for LS12, 6, and 9, respectively). During the first lactation period, LS12 reached the same BW as LS6 and LS9 (4,227 ± 105, 4,415 ± 106, and 4,429 ± 95 g for LS12, 6, and 9, respectively). If mating was delayed 3 wk, no differences in BW among treatments were found. So, if enough time is given, animals will compensate for the reduction in BW at weaning, which is in agreement with the findings of Ledin (1984) .
After weaning, the feed efficiency was greater in LS6 than in LS12. The best feed conversion was found for LS12, which seems to be related to the development of the empty body composition and the lower BW. At the end of the rearing period, the carcasses of LS12 contained significantly more water and nitrogen and less fat. Although empty body weight tended to be lighter, LS12 had relatively more protein, whereas LS6 was fatter. The formation of protein involves binding of water and leads to a higher BW gain than the formation of fat. The energy requirement for maintenance of the animals in large litters would have been lower due to the lower BW. Relatively more energy must have been available for body growth in LS12, resulting in better feed conversion.
At end of rearing, LS12 carcasses contained more (P < 0.05) ash than LS6 carcasses. Bones are characterized by a high allometric coefficient before 3 wk of age (Deltoro and Lopez, 1985) . Therefore, growth retardation during the suckling period can influence bone formation. However, it is not clear whether the greater ash content is an indication of a better bone development caused by the lower growth rate before weaning or was due to the lighter BW. At the end of the reproductive period, no differences in body composition were found among treatments for those animals that had the same physiological conditions during the reproductive period. These results are in agreement with Ledin (1984) , who stated that during realimentation animals correct for deviation from normal body composition if enough time is given.
Under normal conditions, sexual development in medium-sized rabbits begins around 10 to 12 wk of age (Cantier et al., 1969; Hulot et al., 1982; Deltoro and Lopez, 1985) . Age and BW trigger the onset of sexual development. Growth retardation can delay the onset of puberty (Foster and Nagatani, 1999) . Although BW of LS12 was lower and less fat was stored at first mating, no effect on kindling rate was found, suggesting that animals had reached puberty at similar rates. After first pregnancy, a tendency (P < 0.10) for reduced litter sizes and number of kits born alive were found for LS12 compared with LS9. Animals of LS12 did not fully compensate in terms of growth rate compared with LS6 and LS9. This may have affected ovulation rate and(or) embryonic mortality, but this has not been studied in rabbits. Perhaps litter size would not have been reduced if animals were given more time to compensate by postponing the first mating until the same BW was reached. However, under practical conditions does are mated for the first time when 75 to 80% of final BW is reached (Lebas et al., 1986) , and LS12 would have been mated based on its BW. Does reinseminated successfully at 17.5 wk of age had an increased BW with an improved kindling rate and an increased total litter size and kits born alive compared with does inseminated successfully at 14.5 wk of age. However, animals mated at 17.5 wk of age were not randomly assigned to age of mating. Lebas and Coudert (1984) reported that the age of first mating had a major effect on the rate of pregnancy but that additional study was needed to confirm their results. More research is necessary to more precisely determine the effect of age and BW at first mating on reproductive performance.
Milk production and BW at weaning in the first and second parities were not affected by the litter size in which the animals were raised or age at first successful mating. In the second parity, LS12 had the same BW and the same reproductive performance as LS6 and LS9. However, the reduced litter size during the first parity is not compensated for after two parities. No difference in reproductive performance was found between LS9 and LS6. The LS6 and LS9 animals had the same BW and composition at first mating, so it was not likely that differences would be found. Our results agree with those of Babile et al. (1982) , who compared LS5 and LS11 and found better production results for LS5 than for LS11.
In our study, treatment did not affect feed intake during reproduction. In all treatments, animals lost a substantial amount of their initial body fat (50 to 60%) and body energy (30%) during the first two parities. Xiccato (1996) reported that in young does that are pregnant and lactating, a negative energy balance occurs, resulting in a 40% loss of body fat. In ruminants, negative energy balance during early lactation decreases fertility rate (Butler, 1999) . In our study, the low kindling rate in the second parity might have been caused by the significant loss of body fat and energy. However, there is no information on the effect of negative energy balance on subsequent fertility in rabbits.
Based on our study, it does not seem likely that the litter size in which does are raised will decrease replacement rate of young does. There was no difference among treatments in the number of animals removed during the experiments, and feed intake during the first two parities was not affected.
Implications
Results obtained indicate that litter size before weaning affects BW at weaning and litter size after first pregnancy. Kits raised in litters of 12 tend to produce smaller litters in their first parity than kits raised in litters of nine, and this loss is not compensated for after two parities. Decreasing the litter size before weaning from nine to six kits does not alter future reproductive performance. Based on these results it is advisable to perform a limited standardization level (at nine kits) after kindling to increase weaning weight and improve reproductive performance. Delaying first mating by 3 wk positively affected kindling rate, total litter size, and kits born alive in the first parity. Although 75 to 80% of mature BW is reached at 14.5 wk of age, it seems advisable to delay first mating until 17.5 wk of age.
